Purpose To assess the pattern of corpus uteri cancer (CUC) in individual states of the USA according to ethnicity. Methods Population-based cancer registries from 29 states and the District of Columbia with information on ethnicity for African-American women (AA) and Caucasian-American women (CA) were extracted from the Cancer Incidence in Five Continents (1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007) and the Surveillance, Epidemiology, and End Results Program (SEER; databases. Rate ratios (RRs) were calculated with respect to ethnicity, age, state, and region. Results In southern states, AA had a lower CUC burden among women aged \60 years (AA/CA RR = 0.67; 95 % CI 0.64-0.70), whereas it was higher among women aged C60 years (AA/CA RR = 1.22; 95 % CI 1.19-1.26). In other regions, the lower CUC burden among AA aged \60 years was true in all states; however, the CUC burden among AA aged C60 years was similar to that of CA. Data for the most recent period (2008)(2009)(2010) indicate that the age-dependent crossover in CUC burden was not anymore restricted to the South, but also occurred in other regions. Overall, women in the South have had the lowest CUC burden compared with that in all other regions, irrespective of ethnicity and age.
Introduction
Corpus uteri cancer (CUC) is the most invasive gynecological cancer among females in the USA, and approximately, 95 % of CUC is diagnosed as endometrial cancer [1, 2] . African-American women (AA) generally experience a lower incidence of CUC, but they have a higher mortality rate compared with Caucasian-American women (CA) [3, 4] . It has been suggested that this higher mortality is partially due to a lower socioeconomic status, which prevents AA from accessing health care and treatment, and also due to a higher prevalence of an aggressive CUC subtype [4] [5] [6] [7] [8] [9] . Similar to breast cancer (BC), CUC is a multisubtype disease (subtype I and subtype II) [10] that is differentially influenced by environmental factors, and with a prevalence that varies according to ethnicity [11] . Subtype I (endometrioid adenocarcinoma) is less aggressive and is influenced by exposure to estrogen; this subtype is most likely to occur among younger women and is more prevalent among CA. Subtype II (primarily serous or clear cell histology) is more aggressive, less hormonally dependent, more likely to occur among older women, and more prevalent among AA [5, [12] [13] [14] .
As with most female cancers, the etiology of CUC remains unknown. However, the risk factors for CUC and BC correlate with reproductive life and anthropometric factors. Late menopause, hormonal-replacement therapy, nulliparity, and obesity are well-established risk factors for CUC. Some of these risk factors such as obesity and parity are modifiable, and their prevalence varies across states and ethnicities in the USA [15] [16] [17] . Other factors such as hysterectomy (the surgical removal of the uterus) vary across ethnicities and states. Women who underwent hysterectomy are no longer at risk of endometrial cancer. Therefore, it is possible that the pattern of this cancer might differ from one state to another and might reveal a need for state-specific adaptation of cancer-control strategies. In the USA, there is no clear screening policy for early detection of CUC [18, 19] .
The present study aims to assess the CUC pattern across the USA with respect to ethnicity, state, and age group. 
Methods

Database and study populations
The CI5 reports data in a series of monographs published every 5 years by the International Agency for Research on Cancer, which is a specialized branch of the World Health Organization. CI5 is a reference source of cancer incidence data in populations around the world and provides data with respect to gender, age group, race/ethnicity, and subpopulations living in the same geographic area. To date, 10 monographs have been published. The current study utilized data published in the CI5-IX (http://www.iarc.fr/ en/publications/pdfs-online/epi/sp160/index.php) and CI5-X (http://ci5.iarc.fr/CI5-X/ci5-X.htm) monographs. CI5-IX and CI5-X compile cancer incidence data from 290 population-based cancer registries in 68 countries for 5 year periods Central and South America, 94 registries from 27 countries in Europe, 11 registries from four countries in Oceania, 11 registries from Canada, and 44 registries from 35 states in the USA (for a total of 55 registries from North America) (http://ci5.iarc.fr/CI5i-ix/ci5i-ix.htm; http://ci5.iarc.fr/CI5-X/ci5-X.htm).
The CI5-IX and CI5-X databases contained registries from 29 states and the District of Columbia (DC) that provided information with respect to the African-American and Caucasian-American ethnicities of interest. Data from these registries were analyzed with respect to their location within the four regions defined by the United States Census 
Statistical analysis and modeling
Age-standardized incidence rates (ASR) were adjusted to the world-standard population by 5 year age groups according to Segi [20] and calculated by direct standardization [21] . number of cases by 5-year ranges in a standard population in which the age-specific rates were adjusted to the worldstandard population, rather than expressing the age-specific rates per 100,000. This approach minimized the tendency to overestimate cancer burden in older age groups (where the denominator is low), and thus provided a more accurate distribution of cancer burden across different age groups Figure S2 . We chose not to use the US standard population for normalization so that further comparison of these data with those of other countries of the world, including African and Caribbean countries, could be performed in future studies. The rate ratio (RR) and 95 % confidence interval (CI) were calculated with respect to ethnicity, age group, state, and region, to assess the statistical significance in the reported changes during the three study periods (1998-2002, 2003-2007, and 2008-2010) . Two age categories were used, including \60 years and C60 years. The RRs for CA, AA, and AA/CA were calculated separately for each of the three study periods (1998-2002, 2003-2007, and 2008-2010) , and then compared for analysis. Data analyses were conducted with Stata.12 software.
Results
Age-standardized rates and rate ratios for the three study periods Fig. 3 continued study, whereas it increased for CA only in the Northeast and Midwest. However, this increase was mild for CA. In the Northeast, the RR for AA was 1.12 (95 % CI 1.07-1.17), whereas the RR for CA was 1.04 (95 % CI 1.03-1.06). In the Midwest, the RR for AA was 1.13 (95 % CI 1.07-1.19), whereas the RR for CA was 1.03 (95 % CI 1.01-1.04) ( Table  S1 ). The median age at diagnosis was similar for both AA and CA and ranged between 62 and 64 years in the four study regions (Table S1 ).
To compare the results obtained from CI5 data (1998-2002 and 2003-2007) with those obtained from SEER data (2008-2010), we analyzed New Jersey in the Northeast, Louisiana in the South, and San Francisco and Los Angeles in the West. In New Jersey during 2008-2010, the incidence rates were 22.16 and 18.55 per 100,000 for AA and CA respectively. In Louisiana during 2008-2010, the incidence rates were 13.17 and 12.67 per 100,000 for AA and CA respectively. In San Francisco and Los Angeles during 2008-2010, the incidence rates were 17.71 and 19.14 per 100,000 for AA and CA respectively. (Table 1) . Among women aged C60 years, the AA CUC burden was similar to that of CA. For the most comprehensively inclusive period (2003) (2004) (2005) (2006) (2007) , the pattern was comparable to that of 1998-2002, although some states such as New York, Connecticut, and Rhode Island had a slightly higher but statistically insignificant burden among older women. For New Jersey, during the period 2008-2010, the CUC burden among AA was lower than that of CA for women aged \60 years (AA/CA RR = 0.80; 95 % CI 0.66-0.98). Although an increase was observed in CUC burden among AA aged C60 years compared to that of CA, it was mild and not statistically significant (AA/CA RR = 1.07; 95 % CI 0.96-1.20). Overall, in northeastern states during the three study periods, the CUC burden was significantly lower among AA aged \60 years compared with that of CA. During the most comprehensively inclusive period (2003) (2004) (2005) (2006) (2007) , the AA/CA RR was 0.53 (95 % CI 0.50-0.56) for women aged \60 years. Among women aged C60 years, the AA/CA RR was 0.93 (95 % CI 0.90-0.97) ( Table 1) . Figure 4 shows the age-specific CUC burden in the Midwest with respect to state and ethnicity for the periods 1998-2002 and 2003-2007 . The disease burden pattern in the Midwest was similar to that of the Northeast. However, some states had different results. In Michigan, there was a slight increase in CUC burden among AA aged C60 years, but it was similar to that of CA, with AA/CA RR = 0.98 (95 % CI 0.89-1.08). Overall, for Midwestern states, the AA/CA RR was 0.54 (95 % CI 0.51-0.58) for women aged \60 years. For women aged C60 years, no statistically significant differences were observed between AA and CA; the AA/CA RR was 0.96 (95 % CI 0.92-1.01) ( Table 1) .
West (California, Arizona, Colorado, and Oregon) Figure 5 shows the age-specific CUC burden in the West with respect to state and ethnicity for the periods 1998-2002 and 2003-2007 . In Western states and particularly in California, the CUC burden among AA was lower in all age groups during 1998-2002 compared to that of CA. During 2003-2007, the CUC burden among AA aged 60-69 years was higher than that of CA. During 2008-2010, the CUC high burden among AA was extended to women aged C60 years, with AA/CA RR = 1.14 (95 % CI 1.02-1.28). In this last period, in California, the CUC burden among AA aged \60 years was lower than that of CA, with AA/CA RR = 0.67 (95 % CI 0.58-0.78). Similar to that observed in Northeast and Midwest regions, AA had a lower CUC burden among women aged \60 years compared to that of CA, whereas the CUC burden among women C60 years was similar for both AA and CA (Table 1) .
Overall disease incidence rates with respect to age, ethnicity, and region The strongest discrepancy in CUC incidence between AA and CA among women aged C60 years was observed in Southern states during the three study periods. However, Southern states had the lowest CUC incidence rates irrespective of ethnicity compared to those of the other three regions, even after stratifying the rates by age categories. For the most comprehensively inclusive period (2003) (2004) (2005) (2006) (2007) , the overall rate in the Northeast for CA was 1.60-fold higher (95 % CI 1.58-1.63) than that in the South; 1.53-fold higher (95 % CI 1.50-1.57) for women aged \60 years; and 1.67-fold higher (95 % CI = 1.64-1.70) for women aged C60 years. For AA, the overall rate in the Northeast was 1.25-fold higher (95 % CI 1.20-1.30) than that in the South; 1.21-fold higher (95 % CI 1.13-1.30) for women aged \60 years; and 1.27-fold higher (95 % CI 1.21-1.33) for women aged C60 years ( Table 2) .
Discussion
CUC shares common risk factors with BC, but it is understudied in the USA. Evidence shows that both BC and CUC can be classified into subtypes that are influenced by estrogen exposure, and both have incidence rates that vary according to ethnicity. The most aggressive BC subtype is not responsive to hormones and is more prevalent among younger women and AA, whereas the hormone-dependent BC subtypes are more prevalent among older women and CA [23] [24] [25] [26] . Similarly to that observed in BC, the present study identified an age-dependent CUC burden crossover among CA and AA; AA had a lower CUC burden among women aged \60 years and a higher CUC burden among women aged C60 years compared to that of CA, which is the inverse of that observed for BC. This observation was most pronounced for southern states, but the tendency was observed in some states of other regions during the most recent study period (2008) (2009) (2010) . The lower CUC burden among younger AA might reflect the incidence of CUC subtype I, which is known to be more prevalent among CA and younger women [14] . The higher CUC burden among older AA might reflect the incidence of CUC subtype II, which is known to be more prevalent among AA and older women [14] . Anthropometric factors such as obesity, nulliparity, late menopause, and hormone-replacement therapy are well-established risk factors for CUC. These risk factors are more prevalent with the occurrence of subtype I, which correlates with excess Distribution of corpus uteri cancer burden with respect to age and ethnicity in western states. Estimations are based on observed agespecific incidence rates and the world-standard population estrogen and menopausal hormone therapy [12, 27, 28] . In the USA, AA have the highest prevalence of obesity compared to that of other ethnic/racial groups (39.2 % for AA vs 21.8 % for CA). The prevalence of AA obesity is highest in the South and Midwest (40.6 and 40.1 %, respectively) compared to that in the Northeast (36.1 %) and West (California; 23.8 %) [15] . AA have a reportedly decreased risk for CUC subtype I compared with that of CA; by contrast, AA have an increased risk for CUC subtype II [5, 14, 29] .
Although granular data on the usage pattern of hormonereplacement therapy (HRT) in individual states and ethnicities are not available, it has been reported that CA are more likely to receive HRT than are AA [30, 31] . Thus, the CUC pattern among AA aged C60 years in the South might reflect an excess of CUC subtype II, which is associated with a worse outcome [32] . Detailed information on CUC mortality by state and ethnicity is not available; however, AA have a higher mortality from CUC compared with that of CA [33, 34] .
The present study identified an overall lower CUC burden in the South compared with that of other regions, irrespective of ethnicity. The CUC burden among women aged \60 years was lower for AA in all states included in this study. Hysterectomy is the most effective method to prevent endometrial cancer; the prevalence of hysterectomy in USA varies with respect to geographical regions and ethnicity. The highest rate of hysterectomy was reported among women aged 30-54 years. Among women younger than 35, the hysterectomy rate was three times higher in the South compared with that in the Northeast and was overall higher among AA compared with that of CA [35, 36] . It has been suggested that an omission to correct for hysterectomy during calculation of CUC burden could lead to an underestimation of the incidence rate, particularly in the South where the hysterectomy rate is highest [37] . Hence, the low CUC burden observed in the South might be due to an artifact introduced by hysterectomy, which would cause underestimation of CUC burden particularly among women aged \60 years. However, the prevalence of hysterectomy in many Southern states is higher in CA compared to that in AA [37] . This might also explain why AA aged C60 years have a higher CUC burden in the South. However, the disease pattern observed in the South appears to be extending to other regions for the most recent study period.
First-degree family history of BC has been reported to be positively associated with CUC subtype II (RR = 1.93; 95 % CI 1.27-2.93), whereas it was inversely associated with CUC subtype I (RR = 0.80; 95 % CI 0.67-0.96) [5] . Therefore, the possibility of an interaction between breast and corpus uteri cancers that could explain the disease burden among older AA should be investigated. The age- [18, 19] . However, our study indicates that more intervention should be performed for CUC, and particular attention should be given to older AA in the South.
In conclusion, this study showed that although southern states had an overall lower CUC burden, most likely due to artifact associated with hysterectomy rates, there was an age-dependent crossover in CUC burden in the South; AA aged \60 years had a lower disease burden, whereas AA aged C60 years had a higher disease burden. Although this tendency also was observed in states of other regions during 2008-2010, it was more prevalent in southern states during all three study periods (1998-2002, 2003-2007, and 2008-2010) . The similar tumor characteristics between breast and corpus uteri cancers [38] suggest that their common risk factors might unfold differently according to the disease subtype.
